Background: Maternal and child undernutrition is an important issue, particularly in low-and middle-income countries. Children at high risk of malnutrition should be prioritized to receive necessary interventions to minimize such risk. Several risk factors have been proposed; however, until now, there has been no appropriate evaluation method to identify these children. In sub-Saharan Africa, children commonly receive regular check-ups from community health workers. A simple and easy nutrition assessment method is therefore needed for use by semi-professional health workers. Objectives: The aim of this study was to develop and test a practical screening tool for community use in predicting growth stunting in children under two years in rural Zambia. Methods: Field research was conducted from July to August 2014 in Southern Province, Zambia. Two hundred and sixty-four mother-child pairs participated in the study. Anthropometric measurements were performed on all children and mothers, and all mothers were interviewed. Risk factors for the screening test were estimated by using least absolute shrinkage and selection operator analysis. After re-evaluating all participants using the new screening tool, a receiver operating characteristic curve was drawn to set the cut-off value. Sensitivity and specificity were also calculated. Results: The screening tool included age, weight-for-age Z-score status, birth weight, feeding status, history of sibling death, multiple birth, and maternal education level. The total score ranged from 0 to 22, and the cut-off value was eight. Sensitivity and specificity were 0.963 and 0.697 respectively. Conclusions: A screening tool was developed to predict children at high risk of malnutrition living in Zambia. Further longitudinal studies are needed to confirm the test's validity in detecting future stunting and to investigate the effectiveness of malnutrition treatment.
Background
Malnutrition is defined as a lack of sufficient nutrition to meet growth demands, body maintenance, and activity. Maternal and child undernutrition is the underlying cause of childhood malnutrition, which accounts for nearly one-third of deaths among children younger than five years of age [1] . The first few years of life are particularly important because vital development occurs in all domains. Particularly with regard to brain development, even small interruptions in the ontogenetic process can have long-term effects on the brain's structural and functional capacity [2] . Major damage caused by malnutrition is irreversible and causes reduced intelligence and physical capacity, which in turn reduce productivity, thereby slowing economic growth [3] . Growth failure prior to 12 months of age affects adult stature, which supports the importance of optimal nutritional status in infancy [4] . Currently, a global movement called Scaling Up Nutrition has been established to unite researchers with members of government, civil society, international non-governmental organizations, and businesses in collective efforts to improve nutrition. The first 1000 days of life, called the 'window of opportunity' -from fertilization up to the second birthdayare widely regarded as an important period within which to prevent stunting [5] [6] [7] .
Malnourishment in the early stages of infancy can easily develop into moderate or severe malnutrition, particularly in developing countries. To prevent child malnutrition, several nutritional screening tools for predicting outcomes for hospitalized children are available [8] [9] [10] [11] . However, to our knowledge, few such tools target children in the community setting. Among children living in the community, stunting is a major concern.
Several indices derived from anthropometric measurements can be used to evaluate nutritional imbalance resulting in undernutrition. Children whose height-for-age Z-score is two standard deviations below mean are considered 'stunted', which indicates linear growth retardation and cumulative growth deficits [12] . Various factors have been associated with child nutritional status, with several studies demonstrating an association between maternal height and child nutritional status [13] [14] [15] . It has been previously hypothesized that growth-stunted women may provide a nutrient-restricted uterine environment, leading to an inadequate supply of nourishment for the baby's growth, resulting in infant stunting [16] . Arguments have also been made in favour of exclusive breastfeeding, with a shorter period of exclusive breastfeeding leading to a greater likelihood of stunting [17] . The World Health Organization (WHO) recommends exclusive breastfeeding until six months of age, which is widely promoted in Zambia via antenatal clinics and other health-promotion activities. The effect of maternal education on child stunting has also been investigated, with Abuya reporting that maternal education was negatively correlated with child stunting [18] .
Community-dwelling children in sub-Saharan Africa, as well as those in hospitals, are at risk of malnutrition; therefore, they should be screened and receive interventions as necessary. However, health facilities in those countries face limitations, such as lack of measurement equipment and human resources, including community health workers (CHW), who play an important role in developing countries [19] . Nonetheless, semi-professionals working in these facilities effectively contribute to the health of the communities, including child health. However, the quality of their services is not always assured. Continuous supervision is necessary, and there is a need for assessment tools that are simple and easy to administer. However, to our knowledge, such assessment methods are lacking.
Regular health check-ups represent an opportunity for screening children at high risk of malnutrition, but there are generally insufficient qualified healthcare personnel in sub-Saharan Africa. Development of a simple and easy assessment tool that meets satisfactory standards would help to overcome this challenge. The aim of this study was to develop and test a practical screening tool for community use in predicting growth stunting in children under two years in rural Zambia.
Methods
Study area, study period, and sampling A cross-sectional study was conducted from July to August 2014 at Sinazeze Rural Health Centre (SRHC), located in Sinazeze Township in Sinazongwe district, Southern Province, Zambia. Most rural health centres in Zambia have remote bases called outreach clinics to provide individuals living in rural areas with medical services. SRHC has 12 outreach clinics providing care to 12,000 people [20] .
A field study was conducted using convenience sampling. Participants were children aged 0-24 months and their mothers who visited SRHC or outreach clinics for vaccinations or regular checkups. Two hundred and sixty-six mother-child pairs participated in the study. Two mother-child pairs were excluded, including a mother with language difficulties and a child suspected of having Down's syndrome. Ultimately, 264 mother-child pairs were included in the study.
Measurement and variables

Anthropometric measurements
Children's length and weight were measured using an infant scale with a length meter (Seca Model 336, 232, Germany) [21] . Mothers' height and weight were measured using a mobile stadiometer (Seca Model 213, Germany) and digital weight measure (Tanita HD-654, Japan), respectively.
Interviews
We conducted semi-structured interviews with all mothers who participated in this study to assess three domains: child's health history, mother's health and knowledge, and household living environment. The interviews were conducted in English or Tonga, a language commonly spoken in the study area. The interviewer, an individual fluent in both English and Tonga, was provided with training in advance. We also referred to the maternity health record book ( Figure 1 ), which is distributed to the family of each child to document their health from birth until preschool. The book includes columns to list the child's personal information, such as birth date, sex, name, birth weight, and delivery status. This book is not always used appropriately; for example, some children born at home do not receive a record book in a timely manner and some contain omissions, but when this record book was available, we referred to it in order to establish the accuracy of the interview.
Variables
To allow for ease of use in Zambian rural locations, only variables that were easily assessed without specialized skills were selected. Continuous variables were reclassified as categorical variables for convenience of use in the field. For example, weight-for-age Z-score (WAZ) was considered dichotomously as either less than zero or as zero and higher. Weight measurements are normally plotted on a chart in each individual's maternity health record (Figure 1) , with a growth curve included, so as to identify whether the WAZ was less than or at least zero. Current feeding status was divided into the recommended or non-recommended method, with reference to WHO recommendations [22] . Non-recommended feeding status included children less than six months of age who had already started solid food or children aged 6-24 months who had not yet started complementary food or who had already been weaned from breastmilk.
The following variables were used to derive the screening tool: sex, age (<12 or 12-24 months), underweight (WAZ <0 or ≥0), birth weight (≥2500 g or <2500 g, when unavailable considered to be <2500 g), place of delivery (health facility or elsewhere), number of siblings, number of visits to an antenatal clinic (never or at least once), current feeding status (recommended method or not), mother's marital status (in a relationship or other), history of sibling death (yes or no), head of household (mother or other), drinking water (recommended hygienic source or other), toilet facility (recommended facilities or other), mother's educational status (primary school or less or at least some secondary school), and multiple birth (yes or no).
Outcome
To develop the screening tool, stunting and length-forage Z-score (LAZ) were defined as the outcomes for statistical analysis. LAZ was calculated using WHO Standards 2006 [23, 24] . Stunting was defined as two standard deviations or more below the median length for age of the reference population (LAZ < −2).
Statistical analysis
Multivariate logistic regression analysis using the least absolute shrinkage and selection operator (LASSO) selection method was performed to estimate significant risk factors for predicting malnutrition [25] . Leave-one-out cross-validation was used as a validation method. To develop a screening tool to predict malnutrition based on the outcomes of LAZ and stunting, we assigned each category of risk factor with one of the following point scores in accordance with the method of Lindström and Tuomilehto [26] : at β-coefficient = 0.01-0.2, the score was one; at β = 0.21-0.8, the score was two; at β = 0.81-1.2, the score was three; at β = 1.21-2.2 the score was four; and at β > 2.2, the score was five. The reference category of each variable was given a score of zero. We developed three screening tools: two based on the results of stunting and LAZ, the stunting model and LAZ model, respectively, and the other LAZ and stunting mixed model (mixed model). The mixed model consisted of the higher value of the β-coefficients of both the LAZ and stunting, since these two models differed slightly. The total score of the screening tool was calculated as the sum of the individual scores. The maximum score was 14 for the stunting model, 19 for the LAZ model, and 22 for the mixed model. A receiver operating characteristic (ROC) curve was drawn for the screening tool to assess predictive performance with the calculation of the area under the curve (AUC).
Results
The characteristics of study participants are summarized in Table 1 . Approximately 10% of children who participated in the study were identified as stunted. The prevalence of stunted children under five years of age reported in the Zambia Demographic and Health Survey 2013-14 [12] was 27%, considerably higher than the current finding. Regarding current feeding status, the majority of mothers were breastfeeding, which reflects WHO recommendations for children aged 0-24 months. Among all participating children, 50.8% were less than six months old and therefore it was recommended that they be exclusively breastfed. More than 90% of mothers with a child under six months old exclusively breastfed, while less than 10% of children less than six months old had started solid food or another non-milk liquid. Similarly, among children 6-24 months old, for whom it is recommended to start complementary food and continue breastfeeding, almost 10% had not yet started complementary food or had already been weaned from breast milk. Thus, nearly 10% of participants were considered as not following WHO recommendations. Eighteen percent of children had an older sibling who had died. More than 80% of mothers had at least primary-level education, and 16.4% had received at least some secondary-level education.
Significant predictors of stunting and LAZ, according to LASSO analysis, are listed in Table 2 . There was a high degree of agreement between stunting and LAZ in the detection of significant predictors. Predictors common to both outcomes were age, WAZ <0, low birth weight or missing data, and non-recommended feeding status. Multiple birth, history of sibling death, and mother's education level were significant predictors only of LAZ. The β-coefficient was mostly higher among the stunting results. All risk factors in the three different screening tools and points derived for each category are shown in Table 3 . Age, low birth weight, and current feeding status showed different scores. The total score ranged from 0 to 14 in the stunting model, from 0 to 19 in the LAZ model, and from 0 to 22 in the mixed model. A greater number of points indicated a higher risk of malnutrition. ROCs of each screening tool are shown in Figure 2 . All three curves had satisfactory AUC values. Based on the ROC curve, the mixed model was the most suitable among the three models (AUC, 0.904). A score of eight in the mixed model was determined as the threshold at which the Youden index reached its peak. At the determined threshold, the sensitivity, specificity, positive predictive value, and negative predictive value were 0.963, 0.697, 0.263, and 0.994, respectively.
Discussion
The screening tool was developed for use in Zambia to predict stunting among children under two in a community setting. The screening tool, employing a mixed model, demonstrated satisfactory predictive ability for the incidence of stunting. The screening tool consists of seven items: age, WAZ, birth weight, current feeding status, multiple birth, history of sibling death, and maternal education. This study focused on Zambia as a target area. However, a tool that reflects different areas could be developed using the same method. Choosing easily assessable variables for the analysis, we developed a tool appropriate for use in a Zambian rural location where semi-professional health workers have an active role in child health.
Some variables included in the tool appear unrelated to nutritional status. For example, low maternal educational level was associated with a higher level of child stunting. Previous studies have shown low maternal educational status (primary school or less) to be related to decreased LAZ [18, 27] . The effect of low parental education on a child's nutritional status can be attributed to a lack of health-related knowledge and, thus, reduced health-seeking behaviour. For example, it is reported that in Morocco, schooling does not contribute to a mother's health knowledge directly, but that literacy and numeracy skills acquired in school were useful, suggesting that education plays an important role in raising healthy children [28] .
Another variable included in the tool was current feeding status, which includes exclusive breastfeeding and complementary food. The manner in which points for current feeding status was scored is consistent with WHO recommendations [22] . The finding that feeding status was predictive of stunting indicates that breast milk is an important energy source, even after complementary feeding has started. This is probably because breast milk serves as a critical source of energy and nutrients during illness and contains protective factors against disease. Even if a mother is undernourished, this has been shown to have little effect on the volume or composition of breast milk, unless malnutrition is severe [1, 22] . Accordingly, when complementary food cannot be secured, breast milk plays an important role in child nutrition. Residents in the study area rely on maize, which is a complementary food for infants. Cereal grains must be considered not only as a source of energy but also as a source of protein. However, the protein quality of maize is limited by deficiencies in some essential amino acids [29] . Breast milk is recommended in addition to maize as it adds nutritive value; thus, weaning from breast milk too early may adversely affect child nutrition status. At the cut-off point of ≥8, the present screening test has higher sensitivity and lower specificity than previously reported tools for hospitalized children: 70% sensitivity and 91% specificity for one such tool [8] and 59% sensitivity and 92% specificity for another [30] . Given the serious negative effects of malnutrition among children under two, sensitivity is more important than specificity.
Strengths and limitations
The screening tool developed in the current study requires verification for its results to be more generalizable given the restricted target area. Furthermore, some potentially important confounding factors, such as household economic status, were not considered in this study. However, there are three distinguishing features. Firstly, it targets community-dwelling children and considers their past health and family environment. Secondly, the test is simple and easy to administer, which allows non-professional CHW to use it without adding further burden to their work. Thirdly, it demonstrated high sensitivity and specificity.
Conclusion
Child malnutrition is a major health problem in Zambia. To prevent malnutrition among children under two, identifying risk of growth stunting is a crucial first step. Because CHW play an important role in child growth monitoring, we developed a malnutrition screening tool that (1) helps identify high-risk children at early stage, (2) requires information that is relatively easy to access and assemble in community settings, and (3) allows for ease of judgement and decision-making.
Further research, for example in the form of a longitudinal studies which target several Abbreviations: LAZ, length-for-age Z-score; WAZ, weight-for-age Z-score.
communities, is needed to confirm the test's validity in detecting future stunting. The efficacy of early identification of high-risk status for early intervention and prevention of growth stunting should be verified.
